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13  ABSTRACT 

_ 

Arlington,  Virginia  22209 

Approximate  detection  thresholds  of  the  VLP  stations  for  long-period 
surface  waves  were  determined.  Based  on  a  special  listing  of  events  for 
a  one  month  time  period,  90%  of  the  reported  shallow  (hlDOkm)  earth¬ 
quakes  down  to  mb=4.2  were  detected  on  the  basis  of  either  Rayleigh  or 
Love  waves  for  epicentral  distances  as  great  as  30°.  For  as  many  ’as  102 
of  the  events  that  we  observed,  the  detections  were  based  on  the  observ¬ 
ance  of  Love  waves  only.  To  date  our  results  indicate  that  the  VLP 
station  EIL  is  the  most  effective  station  for  discrimination  between 
earthquakes  and  presumed  explosions  in  central  Asia.  Signal  enhancement 
techniques  employing  the  VLP  digital  data  appear  to  be  able  to  lower  the 
thresholds  based  on  visual  analysis  of  the  seismograms  by  0.2  to  0.3  m>, 
units.  '  u 

One  of  the  most  significant  results  of  our  research  on  long-period  earth 
noise  (  P- JO  sec )  is  that  all  the  VLP  stations  are  limited  by  g, round 
motion  at  these  longer  periods.  In  particular,  for  periods  between  30 
and  DO  sec  the  level  of  this  ground  motion  is  ID  to  20  dB  above  system 
noise  and  recognition  of  the  source  could  lead  to  techniques  that  would 
affect  a  dramatic  improvement  in  the  signal-to-noise  ratio  of  the  VLP 
stations.  Additional  results  on  earth  noise  are  based  on  observations 
at  QGD  on  the  decay  rate  with  depth  of  the  horisontal-conponent  of  earth 
noise.  The  observations  indicate  that  the  effects  of  wind  noise  and 
atmospheric  turbulence  are  greatly  attenuated  in  competent  rock  at 
depths  of  iqn  to  ann 
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1. 


Uurlitr  tn«  past  year  our  rcaoarch  crrort  concentrated  on 
the  detection  and  diucr  initiation  capabilities  of  the*  YLf  stations 
and  the  Uovvlopncnt  of  techniques  to  enhance  these  capabilities. 
Approximate  detection  threshold!:  of  the  Vl.I*  stations  for  lonr- 
pcrlod  surface  waves  were  deternlncU.  based  on  a  special  listlnr. 
of  events  for  a  one  month  tine  period,  90?  of  the  reported  shallow 
(hi'jOkn)  earthquakes  down  to  were  detected  on  the  basis  of 

cither  Haylelr.H  or  Love  waves  for  epl central  distances  as  r.rcat 
as  30°.  For  an  many  as  10?  of  the  events  that  v:e  observed,  the 
detections  were  based  on  the  observance  of  Love  waves  only.  The 
Improved  detection  of  Love  waves,  as  well  an  Haylcir.h  waves,  may 
offer  a  solution  to  the  anomalous  event  problem:  earthquakes 
occurrinr.  In  certain  regions  (c.r.«  central  Asia)  that  nix  with  the 
explosion  population  on  an  MS"r*b  diagram.  As  the  Ms  values  for 
these  anomalous  events  arc  customarily  determined  using  the  amp¬ 
litudes  of  Haylcir.h  waves,  the  problem  may  well  be  Just  with  the 
excitation  of  Raylclr.h  waves  by  these  earthquakes,  and  the  consider¬ 
ation  of  Love  waves  in  terms  of  Ms(Lovc)-mb,  radiation  pattern, 
and  the  ratio  of  Love  to  Raylclr.h  mirht  provide  for  discrimination. 

To  date  our  results  indicated  that  the  VLP  station  EIL  is  the 
most  effective  station  for  discrimination  between  earthquakes  and 
presumed  explosions  in  central  Asia.  Based  on  visual  analysis  of 
KIL  seismograms,  the  earthquake  and  presumed  explosion  populations 
are  well  separated  down  to  earthquakes  of  mar.nitude  Sir.nal 

enhancement  techniques  enployinr,  the  VLP  digital  data  appear  to  be 
able  to  lower  the  thresholds  based  on  visual  analysis  of  the  seis¬ 
mograms  by  0.2  to  0.3  %  units. 


SUKMAHY  (cont.) 


2. 

One  of  the  moot  olr.nl n cant  results  of  our  research  on  lonr- 
period  enrth  noise  (T^?0  occ)  In  that  all  the  VLP  stations  arc 
United  by  ground  notion  at  these  lonrcr  periods.  In  particular 
for  periods  between  30  and  50  see,  the  level  of  this  ground  notion 
is  15  to  20  dll  above  system  noise  and  recognition  of  the  source 
could  lead  to  techniques  that  would  affect  a  dramatic  Improvement 
in  the  signal-to-noisc  ratio  of  the  VLP  stations.  Additional 
results  on  earth  noise  are  based  on  observations  at  OGD  on  the  decay 
rate  with  depth  of  the  horizontal-component  of  earth  noise.  The 
observations  indicate  that  the  effects  of  vind  noise  and  atmo¬ 
spheric  turbulence  are  greatly  attenuated  in  competent  rock  at 
depths  of  150  to  200m. 

The  VLP  data  are  proving  to  be  especially  important  for  many 
different  selsmoiogical  studies  including  focal  mechanisms  for 
small  magnitude  events,  the  occurence  of  earthquake  swarms,  and 
source  and  propagation  path  effects  on  long-period  body  and  surface 


waves . 


INTRODUCTION 


3. 


During  the  pnai  twelve  months  of  the  subject  contract,  the 
purposes  of  the  research  program  were: 

1.  To  maintain  the  six  VLP  stations  previously  Installed 
by  Lanont  while  affecting  an  orderly  transition  of  maintenance 
responsibilities  for  those  stations  to  the  1J0AA  group  at  Albuquer¬ 
que,  New  Mexico.  During  the  last  two  weeks  in  April  personnel 
from  Lamont  closed  out  the  station  at  Fairbanks,  Alaska,  and 
shipped  all  the  equipment  to  Albuquerque. 

2.  To  conduct  seismological  research  on  the  long-period  ana¬ 
log  and  digital  data  from  the  VLP  stations. 

Analysis  of  the  analog  and  digital  data  has  been  conducted 
on  the  following  topics: 

1.  Discrimination  between  earthquakes  and  presumed  explo¬ 
sions  in  central  Asia. 

2.  The  determination  of  detection  thresholds  for  long-period 
seismic  waves  from  earthquakes  and  underground  explosions. 

3.  Various  techniques  for  enhancing  the  signal  to  noise  rati 
(S/N)  of  seismic  waves  from  small  magnitude  events  recorded  digit¬ 
ally  . 

Investigation  of  the  behavior  and  sources  of  earth  noise 
at  periods  longer  than  20  seconds. 

5.  Various  seismological  investigations  including  the  study 
of  dc  tilts  associated  with  large  (Ms>7.5)  earthquakes  and  back¬ 
ground  secular  tilts  observed  on  the  displacement  outputs  at  the 
VLP  stations;  surface  wave  spectra  for  swarm-type  earthquakes; 
focal  mechanism  studies. 


A. 

The  noot  ulr.nl  ricnni  result  or  the  data  nnnlyala  pertinent 
to  the  earthquake  -  explosion  tl  Incrimination  problem  In  jnsed  on 
the  atudy  of  our face  wave  detection  thresholds  and  earth  nolne  at 
periods  longer  than  20  seconds.  Inclusion  or  data  from  the  stations 
at  Eilat ,  Israel  (El  L.) ,  and  Kongr.bcrg,  Norway  (KOW)  show  that  long- 
pcrlod  surface  waves  arc  often  observed  from  many  shallow  earth¬ 
quakes  located  in  central  Asia  with  magnitudes  as  low  as  mb*'1-*- 
These  relatively  low  threshold  values  can  sometimes  be  lowered  by 
0.2  to  0.3  mfa  units  by  means  of  digital  filtering  techniques  (polar¬ 
ization  and  azimuthal)  thereby  extending  the  applicability  of  the 
Ms-mb  discriminant  to  smaller  magnitude  events.  System  noise  levels 
between  30  and  50  sec  are  at  least  15  dB  below  earth  noise  levels 
in  the  same  period  range.  Thus  recognition  of  the  source  of  this 
earth  noise,  its  effective  wavelength,  and  temporal  and  geographical 
behavior  could  possibly  result  in  a  dramatic  improvement  in  the 
detection  capabilities  of  the  VLP  stations. 

I.  STATION  MAINTENANCE 

During  the  first  three  months  of  the  subject  contract,  consider¬ 
able  time  was  spent  preparing  for  and  carrying  out  combined  inspection 
—  maintenance  trips  to  the  VLP  stations  at  Charters  Towers,  Australia 
(CTA ) ;  Chlang  Mai,  Thailand  (CIIG);  Kipapa,  Hawaii  (KIP);  and  Mat- 
sushlro ,  Japan  (MAT).  As  a  result  of  these  trips,  several  recommend¬ 
ations  were  made  for  improvements  such  as;  the  addition  of  air- 
conditioners  in  the  recording  rooms  at  CTA  and  CHG  for  more  efficient 
operation  of  the  digital  recorders,  and  instrument  repair  techniques 
that  should  result  in  greater  continuity  of  the  analog  data.  In 


addition,  pvrsonnvl  nt  cncli  alie  were  thoroughly  advised  or  tbe 
transition  of  maintenance  rcnponslUllitles  Trow  l.nmont  to  U  >AA . 

During  the  last  two  weeko  in  April  1 97 i  ,  a  two  man  team  fror 
Lnr.oni  traveled  to  Fairbanks,  Alaska,  to  close  out  the  station  Fid*.. 

All  the  cquipnent  at  that  site,  Including  the  instrument  tani  ,  wi 
crated  and  shipped  either  by  truck  or  airplane  to  NOAA  nt  Albuquer¬ 
que.  The  final  recordlnrs  fron  FUK  are  dated  Ajrll  19 

II.  DATA 

Seismograms  and  magnetic  tapes  from  all  the  VLP  stations  were 
sent  to  Lamont  up  to  1  September  1972  for  quality  control.  As 
explained  in  previous  reports,  the  magnetic  tape  data  were  examined 
on  a  playback  system  (cathode  ray  tube)  and  compared  with  the  seis¬ 
mograms.  The  NOAA  group  at  Albuquerque  was  advised  of  any  mal¬ 
functions  detected.  After  examining  the  tapes  for  quality  control 
the  tapes  were  copied  and  the  originals  forwarded  to  Texas  Instru¬ 
ments.  The  seismograms  are  sent  to  VELA  Seismological  Center 
before  being  film  chipped  in  Asheville,  North  Carolina.  Since 
1  Sept,  the  NOAA  group  at  Albuquerque  has  been  copying  tapes  and 
sending  the  original  tapes  and  seismograms  directly  from  Albuquer¬ 
que  to  the  VELA  Seismologc ial  Center.  At  the  present  time  there  is 
no  back-log  of  seismograms  from  any  of  the  stations  at  Lamont. 

III.  RESULTS  OF  THE  DATA  ANALYSIS 

A.  Long-period  discriminants  between  explosions  and  earthquakes 
One  of  the  most  effective  teleoeiomic  discriminants  between  earth¬ 
quakes  ' nd  underground  explosions  is  that  based  on  a  comparison  of 

* 

long-period  surface  wave  magnitudes  (Ms)  and  short-period  body  wave 
magnitudes  (m^)  for  these  two  types  of  events. 


Previous  results  on 


the  Mg-m^  discriminant,  which  were  based  on  data  from  the  original 
VLP  seismograph  system  at  Ogdensburg,  New  Jersey  (OGD),  were  report¬ 
ed  by  Molnar  et  al.  (1969),  Evernden  et  al.  (1971),  and  Savino 
et  al.  (1971).  Their  results  suggested  that  the  effectiveness  of 
the  Ms-mb  discriminant  is  probably  as  great  as  mb=4  as  at  mb=5 

for  earthquakes  and  underground  explosions  occuring  in  several 
different  regions  of  the  world.  A  further  important  result  of  these 
investigations  was  that  Love  waves  with  periods  of  20  and  40  sec 
could  also  be  used  as  a  discriminant  on  an  Ms(Love)-mj)  basis. 

In  a  more  recent  study,  Savino  et  al.  (1972a)  presented 
results  on  discrimination  between  earthquakes  in  the  Kirzig-Sin- 
kiang-Tadzhik-Tibet  region  and  presumed  Russian  explosions.  Their 
results  were  based  on  long-period  surface  wave  data  recorded  at 
Eilat,  Israel  (EIL).  This  station  is  approximately  3C°  from  pre¬ 
sumed  Russian  explosions  and  exhibits  a  better  detection  threshold 
for  surface  waves  from  these  presumed  explosions  and  earthquakes 
in  the  same  general  region  than  the  VLP  stations  at  Chiang  Mai, 
Thailand  (CHG);  Kongsberg,  Norway  (KON);  and  Toledo,  Spain  (TLO). 

In  Figure  1,  peak-to-peak  amplitudes  of  Rayleigh  waves  with 
periods  near  20  sec  (left-hand  plot)  and  40  sec  (right-hand  plot) 
recorded  at  EIL  from  earthquakes  in  the  Kirzlg-Sinkiang-Tadzhik- 
Tibet  region  (closed  circles)  and  presumed  Russian  explosions 
(open  circles)  are  plotted  as  a  function  of  mb  (NOAA).  The  or¬ 
dinate  on  the  20  sec  plot  describes  the  Ms  scale  for  these  events 
as  indicated  by  the  numbers  and  anows.  Although  the  data  are 
limited  there  are  two  rather  important  points  about  Figure  1. 
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Firstly,  the  earthquake  and  explosions  populations  are  completely 
separated  even  though  the  Ms  determinations  are  restricted  to 
measurements  from  a  single  station.  Secondly,  the  two  popula¬ 
tions  do  not  show  any  sign  of  convergence  at  the  low  magnitudes. 
This  latter  result  is  similar  to  that  found  at  OGD  for  earth¬ 
quakes  and  explosions  in  the  western  United  States,  the  Aleut¬ 
ians,  and  the  Novaya  Zemlya  region  by  Evernden  et  al.  (1971), 
and  Savino  et  al.  (1971). 

One  of  the  problems  with  the  investigation  of  events  in 
central  Asia, with  magnitudes  uetween  ^.0  and  A. 5, is  that  the  NOAA 
listings  (PDE)  are  not  complete  in  the  magnitude  range.  By 
utilizing  reports  from  the  large  arrays  (LASA ,NORSAR,ALPA )  in 
conjunction  with  the  PDE,  a  more  complete  data  set  will  be  avail¬ 
able  for  study  and  we  will  be  able  to  better  investigate  the  be¬ 
havior  of  the  earthquake  and  explosions  populations  at  small  mag¬ 
nitudes  . 

While  the  detection  threshold  for  surface  waves  from  the 
presumed  explosions  plotted  in  Figure  1  is  rather  high,  about  m^ 
5.5  or  Ms  3.2,  it  is  important  to  note  that  these  results  are 
based  on  visual  analysis  of  seismograms  only.  Methods  of  signal 
enhancement  employing  digital  filtering  techniques  to  be  des¬ 
cribed  in  a  later  section  should  improve  the  threshold  value  at 
EIL  and  the  other  VLP  stations  and  allow  us  to  test  for  separa¬ 
tion  and  parallelism  of  the  earthquake  and  explosion  populations 
to  small  magnitudes  for  events  in  central  Asia. 

As  pointed  out  in  several  publications  (Molnar  et  al.,1969; 
Savino  et  al.,  1972a)  Love  waves  are  often  recorded  on  VLP  seismo¬ 
grams  even  when  Rayleigh  waves  are  not  observed  from  events  in 


many  different  regions  of  the  world.  This  is  particularly  sign¬ 
ificant  since  the  effectiveness  of  several  discriminants  (radi¬ 
ation  pattern,  Ms (Love )-mb ,  ratio  of  Love  to  Rayleigh)  based  on 
the  recording  of  either  Rayleigh  and/or  Love  waves  appears  most 
promising.  In  addition,  a  possible  explanation  of  the  anomalous 
behavior  (Ms(Rayleigh)-mb  wise)  of  certain  Eurasian  events  is 
that  these  events  may  be  deeper  than  normal  (^0  to  100  km)  and 
characterized  by  strike-slip  mechanisms.  If  this  is  so  then  we 
would  expect  poor  excitation  of  Rayleigh  waves  for  periods  from 
10  to  100  sec  and  thus  more  explosion  like  Ms-mb  values.  However, 
if  this  hypothesis  is  correct  then  these  events  should  excite 
large  Love  waves  and  thus  could  be  discriminated  on  an  Ms(Love)  - 
mb  basis  or  perhaps  on  a  ratio  of  Love  to  Rayleigh  wave  excita¬ 
tion  basis. 

B.  Detection  thresholds  for  small  magnitude  events: 

With  the  advent  of  short-period  arrays  and  the  resulting  improve¬ 
ment  in  the  detection  capabilities  for  short-period  body  phases 
(mb),  the  principal  limitation  to  the  application  of  the  Ms-mb 
discriminant  to  small  magnitude  (mb<*l.5)  events  is  determined  by 
our  recording  capabilities  of  long-period  surface  waves.  Thus 
it  is  of  prime  importance  to  determine  the  capabilities  of  the 
newly  installed  VLP  stations  for  recording  long-period  surface 
waves  from  small  magnitude  events  and  thereby  recognise  and  develop 
techniques  that  will  improve  these  capabilities. 

Recently  the  group  at  Linclon  Laboratory  generated  a  special 
listing  of  events  for  the  time  period  20  Feb  1972  through  19  Mar 
1972.  This  time  period  is  referred  to  as  the  International  Seismic 
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Month  (ISM).  More  than  1200  events  were  definitely  identified 
on  the  basis  of  short-period  recordings  from  the  various  arrays 
(LASA ,N0RSAR ,ALPA ) ,  the  Canadian  stations,  and  the  WWNSS  stations. 
This  listing  represents  a  considerable  improvement  over  the  Pre¬ 
liminary  Determination  of  Epicenters  (PDE)  listing  of  NOAA, 
especially  for  small  magnitude  (m^<5.0)  events,  and  provides  an 
excellent  data  base  for  the  determination  of  approximate  detect¬ 
ion  thresholds  of  the  existing  VLP  stations. 

To  date  seismograms  from  several  of  the  VLP  stations  have 
been  analyzed  for  all  the  shallow  (hi  50km)  events  reported  in 
the  ISM  listing.  Preliminary  results  for  Kongsbcrr,  Norway  (KON), 
and  Eilat,  Israel  (EIL)  are  shown  in  Figures  ?a  and  2b,  respect¬ 
ively.  The  solid  circles  designate  tho0''  events  observed,  the 
x's  events  not  observed.  The  magnitude  of  an  event  is  riven 
along  the  abscissa.  The  event  symbolized  by  the  square  in  these 
two  figures  is  a  presumed  Kazakh  explosion,  observed  at  EIL  but 
not  at  KON. 

There  are  a  number  of  interesting  observations  based  on 
the  results  in  Figures  2a  and  2b; 

1)  The  90S  detection  threshold  is  approximately  .  2  at 
eplcentral  distances  of  30°  from  both  stations. 

2)  Approximately  10S  of  the  observed  events  were  based  on 
Love  waves  only. 

3)  Surface  waves  with  periods  between  30  and  50  sec  were 
observed  more  often  than  those  with  periods  between  15  and 
25  seconds. 

H )  The  threshold  values,  which  were  based  on  visual  analy¬ 
sis  of  seismograms,  can  probably  be  lowered  by  0.2  to  0.3 
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m^  units  by  more  sophisticated  signal  enhancement  techni¬ 
ques  possible  with  the  digital  data  recorded  at  the  V1,P 
stations . 

It  should  be  noted  that  this  kind  of  analysis,  in  addition 
to  yicldinp  detection  capabi litios , serves  to  point  out  any  weak¬ 
ness  in  the  coverage  of  the  existing  VLP  stations  for  events 
occurring  in  different  reriens  of  the  world  and  should  provide  im¬ 
portant  information  on  the  location  of  future  improved  lonr.- 
period  stations. 

C .  Sirnal  enhancement  techniques: 

Of  all  the  slrnal-cnhancencnt  techniques  evaluated,  polari¬ 
sation  filtering  seems  to  promise  the  r.rcntcst  rains  in  detection 
and  discrimination.  By  polarisation  filtering  we  mean  a  tlr.c- 
varylnr.  filter  whose  instantaneous  transfer,  function  depends  on 
the  relative  phase  spectrum  between  the  vertical  and  horizontal 
r round  notion.  In  this  way,  scisnor.rams  can  be  filtered  to  sup¬ 
press  notion  which  is  not  recti  linearly  polarised  (that  is,  filter 
ed  to  pass  only  body  waves)  or  they  can  be  filtered  to  suppress 
all  but  quadrature  polarisation  (which  passes  only  Haylelrh  waves) 
Flltcrlnr,  sclnnorrnr.s  both  wnys  riven  a  clean  separation  or  the 
body  wave  arrivals  and  their  accompanying  PL  leaklnr  mode  phases. 

The  success  of  this  filter  depends  on  the  polarisation  of  the 
noise.  At  periods  lean  than  30  seconds  the  nolne  Is  predor' nantly 
Haylelrh  wave  type  polarity  and  a  body  wave  filter  rives  excellent 
sirnal  enhancement.  At  lonrer  periods  there  is  a  preliminary  lndl 
cation  that  the  noise  is  recti  1 incarly  polarised,  on  a  short  tern 
basis  at  least.  This  need  not  contradict  previous  results  showlnr 
low  coherence  between  vertical  and  horlsontal  noise  since  short 
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runr.  of  the  noise  may  be  polarised  ln-phase  followed  by  other  runs 
of  tin*  lbO  oul-or-pbase.  In  the  lonr,  run,  such  noise  will  have 
low  coherence  between  the  vertical  and  horizontal.  The  tlrr.e- 
varyinr  nature  of  the  filter  adapts  ltseir  to  the  Instantaneous 
polarity  of  the  noise  and  passes  Raylcir.h  type  notion  with  con¬ 
siderable  signal  rains.  At  present,  It  seers  likely  that  events 
with  detectable  Hayleirh  waves  can  be  r.ade  to  rive  lonr-pcrlod 
body  wave  mannllsdes  by  flllcrlnn  Tor  the  PI.  phases  which  acconpany 
the  body  wave  arrivals  and  share  their  frequency  and  amplitude 
characteristics. 

Polarization  filtering  prior  to  nn'ched  filterlnr  uslnr  Rny- 
lcir.h  waves  should  further  enhance  the  slr.nal  rain.  It  is  likely 
that  the  detection  thresholds  for  surface  waves  from  nany  earth¬ 
quakes  can,  in  thin  way,  be  lowered  by  an  ruch  ns  Gdb.  One  of  the 
Rost  Important  rains  will  be  the  identification  or  lonr.-perlod  body 
waves  that  arc  not  recornlr.ablc  on  analog  rccordlnpa  (l.e.,  events 
with  only  a  very  snail  surface  wave).  A  nore  complete  description 
of  these  filters  and  of  additional  results  Is  described  In  a  publi¬ 
cation  by  Choy  and  fteCany  (1973). 

D.  Lonn-perlod  earth  noln<»: 

An  understand inr.  of  the  temporal  and  spatial  variations  of 
earth  noise  in  the  period  ranre  10  to  100  sec  will  aid  un  in  the 
attainment  or  both  quiet  lonr-perlod  recordlnr,  nltcs  and  optimum 
slrnal  to  noise  conditions,  noth  of  these  factors  arc  or  prime 
Importance  for  the  optimum  recordlnr.  of  surface  waves  Tron  snail 
nar.nl tude  events  ond,  thus,  the  a,  plication  or  lonr.-perlod  dis¬ 
criminants  (e.r. ,  v,s--.b). 
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Murphy  ft  al .  ,  (1972)  invo stipated  the  spectral  shape  and 
level  of  backrround  noise  in  the  period  ranpe  10  to  100  sec  re¬ 
corded  at  seven  of  the  VLP  stations.  The  most  important  results 
of  this  study  are: 

1)  There  is  a  pronounced  minimum  in  the  vertical  component 

of  the  earth  noise  spectrum  between  appmximately  30  and  50  seconds 
at  all  of  these  seven  widely  separated  sites.  This  noise  minimum 
provides  for  a  very  effective  window  for  observing  surface  waves 
from  small  narnitude  events. 

2)  The  absolute  level  of  this  noise  minimum  is  the  same  at 
all  seven  of  these  sites  to  within  10  d  13  (a  factor  of  nearly  3  in 
amplitude).  Mote  that  the  depth  of  burial  of  the  VLP  stations 
varies  from  approximately  On  for  Chianr,  Mai,  Thailand  (CHG),  to 
5*1 3ro  at  Opdcnsburr,.  Mew  Jersey  (OGD). 

3)  The  level  of  the  vertical  component  of  noise  at  periods 
longer  than  30  sec,  unlike  that  for  the  16  to  20  sec  band  of 
microsciams ,  exhibits  a  very  small  temporal  variation. 

A  further  Important  result  of  the  noise  study  by  Murphy  et, 
al.,  (197?)  is  that  the  shape  and  absolute  level  of  the  horizon¬ 
tal-component  noise  spectra  arc  nearly  identical  over  the  passband 
10  to  100  sec  with  the  vertical-component  spectra  at  those  VLP 
sites  with  appreciable  overburden  (KIL,200m;  KON,300ra;  iOGD,5Jl3m) . 
Also  in  contrast  to  horizontal  noise  levels  at  those  stations 
with  appreciably  leas  overburden  (100m),  the  horizontal  noise 
lcv<  Is  at  ML,  KOM ,  and  OGD  (Savino,  1970;  Savino  ct  al.,  1972b) 
have  not  been  observed  to  undergo  diurnal  or  short-term  (a  few 
days  or  less)  varlationn.  based  on  results  from  an  experiment 
underway  it  the  mine  of  the  ?lew  Jersey  Zinc  Co.  at  OpdensLurr;, 
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New  Jersey,  and  from  a  comparison  of  microbnrometric  and  seismic 
recordings  at  CTA ,  we  attribute  the  diurnal  variations  of  the 
horizontal-component  noise  levels  to  surface  tilting  induced  by 
atmospherically  generated  noise. 

Seismic  recordings  from  two-component  (Z,  N/S)  sets  of 
Instruments  Installed  on  several  different  levels  of  the  mine 
at  OGD  are  shown  in  Figure  3«  The  horizontal-component  (N/S) 
seismograms  are  displayed  on  the  right-hand  side  of  this  figure 
in  order  (from  top  to  bottom)  of  Increasing  depth;  180,  3^0,  500, 
and  1850  feet.  The  vertical-component  recordings  are  shown  on 
the  left-hand  side  in  the  same  order.  There  are  two  Important 
points  to  be  made: 

1)  The  optimum. slgnal-to-noisc  ratio  (S/M)  for  the  vertical- 
component  seismograms  (e.g.  note  the  surface  wave  train  recorded 
on  the  top  trace  of  each  set  of  seismograms)  is  achieved  at  rela¬ 
tively  shallow  depths.  In  fact,  at  the  present  time  we  suspect 
that  most  of  the  noise  that  is  obvious  on  the  l80'Z  recordings  is 
the  result  of  a  leaky  Instrument  tank  allowing  for  direct  pressure 
effects  (buoyancy)  on  that  seismometer.  As  mentioned  previously, 
our  results  from  all  the  VLP  stations  Indicate  that  provided  the 
station  is  located  on  competent  bedrock,  depth  of  burial  does  not 
play  a  very  Important  role  in  the  actual  S/N  obtained  at  a  site. 

At  OGD  this  is  a  result  of  the  very  slow  decay  rate  with  depth  of 
earth  noise  at  periods  longer  than  about  30  seconds.  Our  prelimi¬ 
nary  interpretation  of  the  sources  of  this  noise  are  long  wavelength 
disturbances  in  the  atmosphere;  either  gravity  waves  or  acoustic 
waves.  This  is  one  of  the  present  research  topics  we  are  working 
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*’ )  *  situation  for  the  horleontal-components  In  quite  dif¬ 
ferent.  The  data  shown  In  I'lrurc  3  arc  for  daylight  hours  when 
win  I  speeds  at  the  surface  were  approximately  3-0m/aec .  As  can 
be  seen  from  the  surface  wave  signatures  Indicated  by  the  arrows, 
a  substantial  increase  In  S/H  is  obtained  In  r.olnr.  from  a  depth 
of  burial  of  180'  to  000'  (e.g.  a  factor  of  about  five).  Note 
also  that  in  golhg  from  500*  to  1850',  the  Increase  in  S/ll  is  less 
than  a  factor  of  two.  This  latter  result  indicates  that  the 
effects  of  moderate  wind  noise  and  atmospheric  turbulence  arc 
greatly  attenuated  at  this  hard  rock  site  at  depths  or  500'  (  150n) 
to  700  (  22 j n).  There  arc  a  few  occasions  however,  when  winds, 

with  speeds  lr.  excess  of  15m/scc,  generate  noise  that  is  observ¬ 
able  on  the  1850'  level  horizontal-component  instruments.  This 
investigation  1s  most  important  since  the  levels  of  earth  noise 
at  periods  of  30  to  50  sec  observed  at  all  the  VLP  sites  are  at 
least  15  to  20  d»  above  the  system  noise  levels.  Thus  recognition 
of  the  source  (or  sources)  of  earth  noise  could  possibly  result 
in  substantial  improvements  in  S/ll  ratios. 

General  Cclsr.olorlcal  Investigations; 

Various  Investigations  employing  the  VLP  analog  and  digital 
data  arc  currently  under  way.  These  include: 

a.)  A  study  of  dc  tilts  associated  with  large  (!•!,.> 7.5) 
earthquakes  and  background  secular  tilts  observed  on  the  displace¬ 
ment  outputs  at  the  Vl.r  stations.  To  date,  dc  tilts  have  been 
observed  at  CTA  after  a  large  (K3-».0)  New  Guinea  shock  and  at 

0CD  aricr  *»  Ms"7.b  earthquake  is  Sitka,  Alaska.  Additional 
large  earthquakes  arc  being  investigated  and  the  observed  dc 
tiitu,  is  well  as  dc  strains,  will  be  compared  with  theoretical 
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oalculat  i  onr, . 

b. )  First  motion  determinations  and  fault  piano  solutions. 

The  high-magnification  data  at  long-periods  are  proving  to  bo 
extremely  valuable  for  the  determination  of  the  proximity  of  a 
particular  station  to  a  nodal  plane,  and  thus  the  determination 
of  fault  plane  solutions  using  long-period  body  v/aves. 

c. )  Study  of  earthquake  swarms.  A  study  of  an  earthquake 
swarm  that  occured  in  the  Gulf  of  California  on  20  March  1972  has 
been  initiated.  Swarm-type  earthquakes,  by  their  nature,  tend  to 
be  of  relatively  small  magnitude  (e.g.,  maximum  of  m^(NOAA)  =  5.J* 
in  the  Gulf  of  California  sequence)  and  to  occur  on  oceanic  spread¬ 
ing  centers,  often  far  from  any  land-base  seismographs.  For  in¬ 
stance  only  7  events  were  reported  in  the  Preliminary  Determination 
of  Epicenters  (PDE)  listings  of  NOAA  as  occuring  in  the  Gulf  of 
California  during  the  swarm,  whereas  very  characteristic  surface 
waves  from  92  events  in  this  swarm  were  observed  on  recordings, 
especially  the  horizontal  components,  from  the  VLP  station  at 
Albuquerque,  Hew  Mexico.  The  VLP  stations  offer  a  potentially 
useful  tool  f^r  studying  this  important  class  of  events. 

d. )  Acoustic-gravity  waves  from  an  event  on  1^  October  1970, 
presumed  to  be  a  Chinese  atmospheric  explosion,  were  observed  on 
VLP  vertical  and  horizontal  component  seismograms  written  at  three 
different  locations  in  the  world,  Savino  and  Rynn  (1972).  Reliable 
group  velocity  data  for  the  atmosphere  over  propagation  paths  as 
long  as  97°  (10,  800km)  were  obtained  for  the  period  range  of  30 
seconds  to  375  seconds.  These  data  arc  in  agreement  with  theoretic 
al  dispersion  curves  that  arc  based  on  the  COSPAR-modcl  atmosphere 
with  the  effect  of  winds  included.  Seismic  body  and  surface  waves 
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from  this  atmospheric  event  were  also  recorded  at  the  three 
stations  and  were  used  to  determine  an  epicenter.  On  1*1  April 
1971 >  alow  speed  gravity  waves  from  another  pressure  disturbance 
of  meteorological  origin  were  observed  with  periods  between  2*10 
seconds  and  3 6 0  seconds  on  seismograms  at  Ogdcnsburg,  New  Jersey. 
The  seismic  recordings  of  the  acoustic-gravity  and  the  slow  apeed 
gravity  waves  are  attributed  to  ground  motion  produced  by  surface 
loading  and  not  to  direct  pressure  effects  on  the  instruments. 

The  observed  displacements  and  tilts  from  both  events  are  in  agree 
ment  with  those  predicted  by  static  loading  theory.  At  the  Ogdens 
burg  station,  the  rock  layer  above  the  instruments  (5**3  m)  acts 
as  a  wavelength  filter  to  suppress  wind  noise  of  short  wavelength 
and  to  enhance  signals  from  long  wavelength  (coherent)  disturb- 
anccs  in  the  atmosphere. 
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FIGURE  CAPTIONS 
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Figure  1.  Ms-mb  at  20  and  »I0  sec  (Rayleigh  waver,)  for  earthquakes 
In  the  Kir  zig-Sinkiang-Tadzhik -Tibet  region  (closed  circles) 
and  presumed  Russian  explosions  (open  circles).  All  of  these 
measurements  were  taken  from  seismograms  written  at  the  high- 
gain  station  at  Eilat,  Israel  (EIL) .  Note  the  pronounced 
separation  of  the  two  populations. 

Figure  2a.  Detection  threshold  as  a  function  of  epicentral  distance 
for  Kongsberg,  Norway  (KON).  The  events  arc  those  reported  in 
the  ISM  listing  and  are  limited  to  shallow  focal  depths, 
h<50km. 

2b.  Detection  threshold  for  Eilat,  Israel  (EIL). 

Figure  3.  Sets  of  vertical-component  (left-hand  side)  and  hori¬ 
zontal-component  (N/S,  right-hand  side)  seismograms  from  an 
array  of  VLP  type  Instrumentation  installed  on  four  different 
levels  of  the  New  Jersey  Zinc  Mine  at  Ogdensburg,  New  Jersey. 
Note  the  significant  Increase  in  S/N  for  the  surface  wave 
trutn  at  the  tip  of  the  arrows  on  the  N/S  seismograms  as  depth 
of  burial  increases.  Going  from  a  depth  of  500’  to  1850'  docs 
not  significantly  reduce  the  noise  background. 
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